Abstract: This study investigates the hedge and safe haven properties of individual commodity futures against stock market movements using a nonlinear regime-switching framework. Based on the results of Brock, Dechert and Scheinkman (BDS) test and information selection criterion, Markov-switching vector auto-regression (MS-VAR) model is applied with three regimes for gold and silver futures and with two regimes for crude oil, copper and zinc futures. The results demonstrate strong hedge and weak safe haven property of gold and silver futures, while it shows a weak hedge and weak safe haven potential of copper and zinc futures. Conversely, crude oil futures cannot be used as a safe haven against extreme stock market movements. In addition, portfolio analysis confirms that these findings provide significant information to investors for the construction of better risk-adjusted return portfolio.
Introduction
Globalisation, liberalisation and deregulation enhance the interaction and complexity of investment channels, disseminated in different regions and countries (Bagchi, 2009; Onour, 2009 ). This worldwide growth of financial markets and instruments gives more diversification benefits to investors (Baur and Lucey, 2010) . However, it also propagates financial crisis through contagion effect which is evident from the sub-prime and European crises including the economic crisis of China (Kassim et al., 2011; Rannou, 2011; Bagchi and Ryu, 2011) . It increases the volatility and uncertainty in the stock and bond markets returns (Rastogi, 2014) .
To mitigate risk and to earn a stable return, it is necessary for portfolio managers and investors to diversify their portfolios by including alternative assets in their portfolios. Commodities provide benefits of alternative asset classes due to their negative correlation with the stock and bond markets which is stronger in long-term diversification strategy (Gorton and Rouwenhorst, 2006) . However, post 2007 However, post -2009 financial crisis, the correlation between commodity and stock returns has increased and breaks the common notion that commodities serve as a hedge (Lombardi and Ravazzolo, 2013; Hansen-Tangen and Overaae, 2015) . In addition, the economic crisis of China gives evidence that the impact of global macroeconomic environment on both the stock and commodity markets is more prominent compared to market-specific and idiosyncratic risk. These facts have raised questions on the role of commodities as an alternative asset class. On the contrary, it is considered that one of the fundamental reasons to invest in commodity is its capability to provide a natural hedge against inflation (Conover et al., 2010) . Normally, it is observed that the prices of the commodities or commodity futures move with inflation. On the contrary, the stock and bond markets fail to keep their value during periods of unexpected inflation (Jaiswal and Uchil, 2015) . Hence, commodities can be used to hedge future inflation risk and consequently to hedge stock and bond market plunges (Beckmann and Czudaj, 2013) .
However, increased uncertainties in the global financial markets owing to the series of financial crises have increased the volatility and pattern of correlation between the commodity futures and the stock markets. Hence, it is necessary to understand the pattern of relationship between these two asset classes. Especially, in the period of global financial crisis during [2008] [2009] , when nifty stock index prices 1 were tumbling while gold and silver futures prices achieved a new high as depicted in Figure 1 . Meanwhile, copper, crude oil and zinc futures showed a downward trend. Similarly, after September 2014, nifty achieved a new high of 8000 approximately, while all the five commodity futures prices showed a falling trend. In addition, the correlation between nifty and commodity futures increased during the periods of 2010-2011 and after 2015. Hence, the facts related to the inconsistent correlation pattern between commodity and stock markets given in the studies (Lombardi and Ravazzolo, 2013; Hansen-Tangen and Overaae, 2015) are also shown by their movements. On the contrary, studies such as Jensen et al. (2002) , Gorton and Rouwenhorst (2006) , Chong and Miffre (2010) , Conover et al. (2010) and Creti et al. (2013) confirmed that the inclusion of commodity futures in a portfolio of traditional asset classes gives benefits of portfolio diversification. These studies show the contradictory findings and time-varying correlation pattern between commodity futures and stocks. Hence, these facts provide a strong motivation to do an empirical analysis of The theoretical justification for subsequent empirical analysis is based on the definitions of a hedge and safe haven, given by Baur and Lucey (2010) . According to them, an asset is qualified to be a hedge (safe haven) if it is uncorrelated or negatively correlated with other assets on an average (during the extreme stock market movements). Baur and McDermott (2010) extended the work of Baur and Lucey (2010) and gave definitions of weak and strong forms of hedge and safe haven. According to them, an asset is qualified to be a strong (weak) hedge if it is negatively correlated (uncorrelated) with another asset or portfolio on an average. Based on the above definitions, this study attempts to analyse the hedge and safe haven role of commodity futures against stock market movements. 2 Many studies such as Jensen et al. (2002) , Gorton and Rouwenhorst (2006) , Chong and Miffre (2010) , Conover et al. (2010) and Creti et al. (2013) adopted the linear approach and examined the risk-return trade-off performance of commodity futures in a portfolio consisting of stocks and bonds. However, the commodity and stock prices show significant variation in time series due to structural changes such as a major economic crisis or changes in monetary policies. It causes the presence of different regimes in the economy. The regimes can be classified into a bull phase during the sub-prime crisis and bear phase during the European crisis and the recent economic slowdown in China. These regimes depict different correlation patterns between commodities and stocks. Thus, from a theoretical perspective, it is essential to perform a nonlinear estimation to check the diversification benefits of commodity futures under the regime-dependent approach (Jaiswal and Uchil, 2016) . In literature, different measures are adopted to test the safe haven role of gold under the time-varying framework. To check the safe haven hypothesis of gold, Baur and Lucey (2010) and Baur and McDermott (2010) took the threshold values such as 5%, 2.5% and 1% quantile and 10%, 5% and 1% quantile of stock and bond return distributions, respectively. If return exceeded these quantiles then the dummy variable took the value as zero. On the contrary, Beckmann et al. (2015) used the exponential transition function of smooth transition regression (STR) model which splits the regression model into two extreme regimes. The present study follows the regime-dependent framework of Beckmann et al. (2015) . However, it uses the regime-switching framework of MS-VAR model to capture the extreme market movements instead of STR. It is considered that MS-VAR model is more suitable for nonlinear estimation than any other conventional threshold model as the regime shifts are stochastic in this model as opposed to deterministic (Beckmann and Czudaj, 2013) . It is based on the state-dependent time series model which captures the effect of exogenous factors such as major economic shocks.
The prime contribution of the study is the application of regime-switching framework of MS-VAR to identify the diversification benefits of commodity futures. To the best of the authors' knowledge, this is the first paper which has used the nonlinear approach of MS-VAR to analyse the regime-dependent hedge and safe haven role of individual commodity futures. Based on the results, MS-VAR is applied with three regimes for gold and silver futures and with two regimes for copper, zinc and crude oil futures. MS-VAR splits the whole sample period into two or three extreme regimes. One of the regimes depicts the period of high volatility in the returns of nifty and enables to verify safe haven role of commodity futures. Conversely, other regimes represent different phases of average returns and low volatility in the nifty returns which allow examining hedging potential of commodity futures. In view of the results, it is suggested that gold and silver futures can be used as a strong hedge against stock market movements. On the contrary, copper, zinc and crude oil futures possess a weak hedging potential. In addition, these commodity futures exhibit a weak safe haven property. Moreover, portfolio analysis using commodity futures and nifty confirms that the results of MS-VAR model gives useful information to investors for the construction of better risk-adjusted return portfolio.
The remaining part of the paper is structured as Section 2 providing the details of the literature review. Sections 3 and 4 elaborate the methodology and data used. Section 5 contains the empirical results and discussion, followed by conclusion in Section 6.
Literature review
Studies conducted to provide an insight into the diversification role of commodities, especially gold, are discussed below. Baur and Lucey (2010) studied the three major financial markets viz. the US, UK and Germany. Their empirical results confirmed that gold is a hedge and safe haven in extreme stock market movements. The findings of Baur and McDermott (2010) suggested that gold is a strong hedge and safe haven for the European and the US markets. Conversely, gold does not act as a hedge and safe haven in BRICS countries, Australia, Canada and Japan. Beckmann et al. (2015) studied hedge and safe haven property of gold for 18 individual markets and five regional indices over a sample period from 1970 to 2012. Their findings confirmed that hedge and safe haven properties of gold depend on market-specific behaviour.
The following literature discusses the diversification property of commodity futures. Jensen et al. (2002) have shown that performance of a portfolio is enhanced with the addition of commodity futures. However, it depends on the restrictive monetary policy adopted by the Federal Reserve. Gorton and Rouwenhorst (2006) found that diversifying a portfolio using an equally-weighted index of commodity futures gives an excess return and reduces the risk as measured by the standard deviation. The findings of Laws and Thompson (2007) and Buyuksahin et al. (2008) are in line with the perception that inclusion of commodities in a portfolio provides benefits of portfolio diversification. Chong and Miffre (2010) found that conditional correlation between commodity futures and Standard and Poor's (S&P) 500 return, fell during the period of high volatility in the stock market. Similarly, the correlation of commodity futures with treasury bills fell during the period of high volatility in the short-term interest rates. Conover et al. (2010) suggested that investors can make substantial benefit by investing 5% and more in commodities during the period of increasing interest rates by the Federal Reserve. Furthermore, Cheung and Miu (2010) assessed diversification benefits of commodity futures in different economic regimes such as bull and bear state of commodity and stock markets. Their results confirmed that commodities enhance the risk-adjusted performance of portfolio during a bullish environment of commodity and stock markets in contrast to a bearish environment. Mensi et al. (2013) found a high conditional correlation of S&P 500 with gold and West Texas Intermediate index. Moreover, optimal weights and hedge ratio showed that including commodities in a portfolio increases the risk-adjusted return performance. Creti et al. (2013) exhibited the time-varying and highly volatile correlation between commodity and the stock markets. According to them, the correlation between stock and commodity markets during the 2007-2008 crisis has emphasised the link between these two markets and confirms the financialisation of the commodity market. In addition, out-of-sample analysis of Bessler and Dominik (2015) confirmed that commodity index improves the risk-return performance of stock-bond portfolio which shows a time-varying pattern. This ability of commodity index is stronger for base metals, energy and precious metals compared to livestock and agricultural commodities.
In the Indian context, Bansal et al. (2014) examined the diversification role of commodity futures in a traditional portfolio mix of stocks and bonds. They used mean-variance optimisation technique for the study period from 2005 to 2011. Their findings are in line with the findings of Mishra (2008) which confirmed that adding commodity futures in a portfolio of equities enhances the risk-adjusted return of a portfolio.
Contrarian views were given by Erb and Harvey (2006) , Daskalaki and Skiadopoulos (2011), Batavia et al. (2012) , Lombardi and Ravazzolo (2013) and Hansen-Tangen and Overaae (2015) . Erb and Harvey (2006) suggested that the average returns of the individual commodity futures are almost equal to zero. The 'equity-like' return of a portfolio of commodity futures is due to portfolio rebalancing. Daskalaki and Skiadopoulos (2011) found that benefits of diversification are not available in the out-of-sample analysis with an exception during the years of 2005-2008, a period of commodity boom. It implies that benefits of including commodities in a traditional portfolio can only be the exception, not the rule. Batavia et al. (2012) showed that addition of commodities in the portfolio of stocks does not provide any improvement to Sharpe ratio which is more evident in an extreme environment. In addition, Lombardi and Ravazzolo (2013) suggested that the portfolio which consisted of commodities produces substantially higher volatility and it does not always produce higher Sharpe ratios. Hansen-Tangen and Overaae (2015) found that correlation between commodity and stock-bond portfolio depends on the allocation strategy and period studied. More details on the literature review are reported in Appendix A.
The studies discussed above did not consider the time-varying approach under the regime-specific relationship of individual commodity futures with stock. Hence, the proposed study enriches the existing literature by analysing the safe haven and diversification benefits of individual commodity futures using nonlinear MS-VAR model in the Indian context.
Methodology
The Markov-switching model was originally proposed by Hamilton (1989) and was further continued by Krolzig (1997 Krolzig ( , 1998 , who provided the overview of MS-VAR. MS-VAR allows for a shift of estimated parameters between stochastic and unobservable regimes. The unobservable regimes are generated using stationary, irreducible and ergodic Markov chain.
MS-VAR is the generalisation of basic VAR model with the finite order of p. Thus, VAR model for k-dimensional time series vector X t = (x 1t , …, x kt ) t = 1, …, T and with autoregressive order of p is defined in equation (1).
where IID refers to independent and identically distributed data, υ is the intercept term and R p , R 1 are the autoregressive parameters. MS-VAR follows the nonlinear data generating process which restricts the process to be linear in each regime. A regime-switching framework is based on the assumption that the estimated parameters of data generation process of the time series vector X t , depend on unobservable state variable S t . The process of regime generation is guided by Markov stochastic process with a finite number of regimes, S t ∈ {1,………, M}and constant transition probabilities. The transition probability of switching from regime i to regime j at time t + 1 is independent of process history which is depicted in equation (2) (Hamilton, 1994) .
State variable S t follows transition matrix (3) which is derived by an irreducible and ergodic M state Markov process:
where
In this study, VAR (p) model is extended to MS-VAR with autoregressive order of p and M number of regimes. This model allows regime shift in intercept term, autoregressive parameter, and variance-covariance matrix of the residuals as shown in equation (4).
( ) ( 
where NID refers to normally and independently distributed data, υ(S t ) shows the vector of regime-dependent intercept term. R 1 (S t ) and R p (S t ) are autoregressive parameters of order p in the regime
∑ are the parameter shift functions which show the dependence of parameters υ, R 1 , ……, R p and ∑ on the unobservable regime S t . The smoothed probability estimated in Markov-switching model represents the conditional probability which uses all the information in the sample up to future date T and as a result, it represents the ex-post measure. In Markov-switching model, smoothed probability is estimated at each point which is used in regime classification for each observation. The classification rule specifies that observations x t of available information set X t should be mapped to regime with the highest smoothed probability as depicted in equation (5) (Krolzig, 2003) :
Hence, classification rule of equation (5) is simplified to assign the observation into the first regime if P r (S t = 1|X t ) > 0.5 and into the second regime if P r (S t = 1|X t ) < 0.5 for the case of two regimes. In case of multi-regime model, if the first regime captures 'recession' then remaining regimes (S t = 2, …, M) show the different phases of an 'expansion'. The average duration of first, second and third regimes are computed using equations (6), (7) and (8):
Average duration of first regime 1
Average duration of second regime 1/ 1 P = −
( )
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Average duration of third regime 1/ 1 P = −
The MS-VAR model is estimated by using Grocer toolbox for Scilab (Dubois and Michaux, 2013) . The parameters of MS-VAR model are estimated by maximum log likelihood function via expected maximum (EM) algorithm.
Data and summary statistics
This study is conducted on gold, silver, copper, crude oil and zinc futures traded on multi commodity exchange (MCX) 3 which covers 89% of commodity market 4 in India. These commodity futures are the highly traded commodity futures of MCX in terms of average value on a daily basis. In addition, nifty 5 is taken as a proxy for stock index. It includes 2,375 observed data for the aforementioned commodity futures and nifty on a daily frequency after making an adjustment for Saturday, Sunday, holidays and missing observations for the study period from June 2006 to December 2015.
The nearby futures contracts are used to construct future price series as these are the most actively traded contracts. The rollover of the series is performed by the first nearby contract to next nearby contract during the rolling periods which adopts MCX rolling mechanism. During the rolling period, the series incorporates the next nearby future price series in a predetermined manner of rolling 20% for each day. Summary statistics 6 on returns of nifty prices, gold, silver, copper, crude oil and zinc futures prices are given in Table 1 . The results show that gold futures and nifty have almost the same mean returns. However, the standard deviation of nifty is slightly higher than gold. Thus, it implies that gold futures provide the same mean return as nifty, but at a lower risk. The return distributions of gold, silver, copper and zinc futures have negative skewness while the distribution of nifty returns has positive skewness. The median value of nifty return is higher than the median value of gold, copper, zinc and crude oil while it is less compared to the median value of silver. Hence, the return distribution of nifty is different from the return distributions of gold, silver, copper and zinc futures.
Results and discussion
The analysis is done in three different stages using broad overview of MS-VAR given by Krolzig (1997) . Primarily, a unit root test is done to check if commodity futures and nifty are integrated into the same order. In the next step, nonlinearity test is conducted before proceeding with a nonlinear estimation. In the last stage, estimation of nonlinear MS-VAR is performed for all the models.
Unit root test
The augmented Dickey Fuller (ADF) test and Kwiatkowski-Phillips-Schmidt Shin (KPSS) tests are applied to check the stationarity of time series data. In addition, Zivot and Andrews unit root test is conducted to incorporate the possibility of a structural break. This test allows for a single break both in the intercept and in the trend. These test results confirm that the time series of all the five commodity futures and nifty are stationary at first difference.
Selection of autoregressive order
The autoregressive order of one is selected for the models of gold-nifty, silver-nifty and zinc-nifty based on results of information criterion: Akaike information criterion (AIC), Schwarz information criterion (SIC) and Hannan-Quinn information criterion (HQ). Conversely, the autoregressive order of two is selected for copper-nifty and crude oil-nifty.
Nonlinearity test
BDS as a test of nonlinearity is applied on the residual of linear VAR model, estimated for all the models. It tests the null hypothesis of IID data. The BDS test is performed with embedding dimension equal to two and ε equal to the standard deviation of the dataset. The null hypothesis of BDS test is rejected for the models of gold-nifty, silver-nifty, copper-nifty, zinc-nifty, and crude oil-nifty which confirms the presence of nonlinearity in the residual of linear VAR model as shown in Table 2 .
Estimation of MS-VAR
Based on the BDS test and information selection criterion results, the nonlinear model is selected for all the pairs of commodity and nifty. Subsequently, in view of the information criterion results, two regimes are selected for copper-nifty, crude oil-nifty and zinc-nifty. On the contrary, gold-nifty and silver-nifty show significance level for three regimes. Values of information criterion suggest that MSIAH (3) VAR (1) 7 with three regimes, heteroscedastic error and an autoregressive order of one, as the most appropriate model to define the hedge and safe haven role of gold and silver futures. In addition, MSIAH (2) VAR (2) with two regimes, heteroscedastic error and an autoregressive order of two is estimated for copper and crude oil futures. Finally, MSIAH (2) VAR (1) with two regimes, heteroscedastic error and an autoregressive order of one is applied to investigate the hedge and safe haven role of zinc futures. 
Regimes characterisation
Observations are classified into the regimes based on smoothed probabilities as depicted in Figures 2, 3 , 4, 5 and 6 for gold-nifty, silver-nifty, copper-nifty, crude oil-nifty and zinc-nifty, respectively. Next step is the characterisation of regimes. In the previous study, Beckmann et al. (2015) evaluated the hedge and safe haven role of gold with two regimes. They used the low and high deviation of stock returns, above and below the threshold value, as criteria to discriminate between the state of 'normal' time and state of 'extreme' time. In the present study, hedge and safe haven roles of gold and silver futures are evaluated for three regimes and roles of copper, zinc and crude oil are estimated for two regimes. The characterisation of regimes based on daily volatility and mean return is considered as a reliable and accurate process of identifying the bull and bear markets (Cakmakli et al., 2011) . Hence, in contrast to threshold level criteria adopted by Beckmann et al. (2015) , this study has taken the estimated value of daily volatility and mean returns for each regime as a criterion to define the regimes. The daily volatility and mean returns are estimated by taking the standard deviation and mean of nifty returns for the set of observations that fall under the respective regimes. The regime with the highest volatility and lowest mean return is defined as a period of 'extreme' or 'bear' time, the regime with average volatility and mean return depicts 'moderate' time and regime with the lowest volatility and highest mean return shows the 'boom' period for the case of three regimes. Similarly, in two regimes' case, the regime with the highest volatility and lowest mean return depicts the period of 'extreme' or 'bear' time and the regime with the lowest volatility and highest mean return shows the period of 'normal' time. Daily volatility and the mean return of the regimes for all the commodities are shown in Table 3 . 
Gold-nifty
The first regime of gold-nifty model is characterised as 'extreme' or 'bear' period with the highest daily volatility of 2.86% and the highest negative mean return of -0.086%. It persists during the days when volatility in returns of nifty is more owing to major shocks. The estimated results of MSIAH (3) VAR (1) show insignificant and positive correlation (0.001) between gold and nifty (-1) for the first regime as shown in Table 4 . Based on the definition given by Baur and McDermott (2010) , this result signifies that the gold futures can be used as a weak safe haven. Similarly, in the second regime, there is a positive and insignificant correlation (0.006) between gold and nifty (-1). Conversely, the third regime shows a negative (-0.003) and significant correlation between gold and nifty (-1). Hence, gold futures can be used as a weak hedge during the second regime and as a strong hedge during the third regime. Notes: Values in the square bracket exhibit the 't' statistics and * shows the significance level at 1%, ** at 5% and *** at 10% level of significance. Notes: Values in the square bracket exhibit the 't' statistics and * shows the significance level at 1%, ** at 5% and *** at 10% level of significance. Notes: Values in the square bracket exhibit the 't' statistics and * shows the significance level at 1%, ** at 5% and *** at 10% level of significance. Note: Values in the square bracket exhibit the 't' statistics and * shows the significance level at 1%, ** at 5% and *** at 10% level of significance. Notes: Values in the square bracket exhibit the 't' statistics and * shows the significance level at 1%, ** at 5% and *** at 10% level of significance. The second strategy is, to assign 50% of portfolio in nifty and 50% in commodity futures. The regime-based strategy shows allocation of commodity futures and stock in a portfolio based on hedge and safe haven property depicted by different regimes.
Silver-nifty
In the model of silver-nifty, the first regime is defined as 'extreme' or 'bear' period, the second regime as 'boom' period and the third regime as 'moderate' period. The ergodic probability and transition matrix suggest a predominance of the second regime rather than the first and the third regime. The estimated results of MSIAH (3) VAR (1) are shown in Table 5 . It shows an insignificant and positive correlation (0.015) between nifty (-1) and silver for the first regime. It confirms weak safe haven property of silver futures. Conversely, there is a significant and negative correlation (-0.003) between nifty (-1) and silver in the second regime which proves that silver futures have strong hedging property. The third regime depicts negative and insignificant correlation (-0.004) between silver futures and nifty (-1) which confirms the weak hedging property of silver futures.
Copper-nifty
The regimes characterisation of copper-nifty signifies the first regime as a period of 'extreme' time and the second regime as 'normal' time. The first regime allows judging the safe haven role of copper, while the second regime helps to assess hedging property of copper futures. The ergodic probability and transition matrix suggest the predominance of the second regime rather than the first regime.
The estimated results of MSIAH (2) VAR (2) are depicted in Table 6 which show an insignificant correlation between copper and nifty (lag of -1 and -2) returns for both the regimes. It signifies the weak hedge and weak safe haven property of copper futures against stock market movements.
Crude oil-nifty
In the crude oil-nifty model, the first regime is defined as periods of 'extreme' time and the second regime as 'normal' time. The ergodic probability and transition matrix suggest the predominance of the second regime rather than the first regime. The estimation of MSIAH (2) VAR (2) shows a positive and significant correlation between nifty (-1) and crude oil futures in the first regime as shown in Table 7 . It confirms that crude oil futures cannot be used as a safe haven. In contrast, the second regime shows an insignificant correlation between nifty (lag of -1 and -2) and crude oil futures which confirms the weak hedging ability of crude oil futures.
Zinc-nifty
The regime identification process indicates the first regime of zinc-nifty as periods of 'extreme' time and the second regime as periods of 'normal' time. In addition, ergodic probability and transition matrix show the predominance of the second regime rather than the first regime.
The estimated results of MSIAH (2) VAR (1) are presented in Table 8 which show an insignificant correlation between nifty (-1) and zinc futures returns for both the regimes. Hence, it suggests that zinc futures can be used as a weak hedge and weak safe haven.
Regime classification measure
Regime classification measure (RCM) is applied to ascertain the quality of regime classification. The RCM is computed using equation (9) (Ang and Bekaert, 2002) .
where P i,t shows ex-post smoothed probability of regime i at time t. M is the total number of regimes. RCM is a sample estimate of its variance as the regime variable is Bernoulli random variable. RCM takes the value between zero and 100 where zero depicts perfect regime classification. Conversely, 100 show that regime-switching model is not able to distinguish between regimes from the behaviour of data which leads to the misspecification of regime-dependent information. For the model of gold-nifty and silver-nifty, RCM is equal to 0.52 and 3.25, respectively. In fact, RCM for gold-nifty is approximately equal to zero and shows perfect regime classification. In addition, RCM for copper-nifty, zinc-nifty and crude oil-nifty are 13.62, 12.38 and 16.49, respectively which is lesser than 50. Hence, RCM statistics suggest that MS-VAR model is properly specified and appropriate to investigate hedge and safe haven property of gold, silver, copper, zinc and crude oil futures.
Portfolio analysis
As a final step, portfolio analysis is performed instead of out-of-sample analysis to check the performance of MS-VAR model. The portfolio analysis assesses the effectiveness of results given by MS-VAR with respect to the hedge and safe haven role of gold, silver, copper, crude oil and zinc futures. It confirms that the results of MS-VAR provide a significant direction to investors in the context of portfolio management. It indicates the importance of using regime-based strategy in contrast to benchmark strategy for portfolio construction. Taking into account, both benchmark and regime-based strategy, portfolio analysis is performed in two different ways. Firstly, naïve portfolio diversification as a benchmark strategy is used to show the linear strategy of portfolio construction (DeMiguel et al., 2009) . As a benchmark strategy, the portfolio is constructed using two options. The first option allocates 25% of the portfolio in commodity futures and 75% of the portfolio in nifty, whereas, the second option allocates the fraction of 1/N of the portfolio to each of the N assets for constructing an equal-weighted portfolio. In addition, portfolio analysis is conducted for the scenarios where investors either invest 100% of the portfolio in nifty or in commodity futures.
Secondly, the regime-based strategy is used to construct the portfolio based on different regimes which represent hedge and safe haven role of commodity futures. Based on MS-VAR results for all the five commodity futures, three different scenarios of portfolio composition are considered. The first scenario is for gold and silver where MS-VAR is estimated with three regimes. The first regime accounts for a weak safe haven, the second regime for a weak hedge and the third regime accounts for a strong hedge. Based on the work of Beckmann et al. (2015) , 50% of the portfolio is allocated in gold as a strong hedge, 40% as a weak hedge and 60% as a weak safe haven. The reason for allocating 60% of the portfolio in gold as a weak safe haven is a high volatility and lowest mean return of nifty during the 'extreme' or 'bear' period of the first regime. Normally, investors should reduce their position in an asset which shows high volatility and lowest mean return. Hence, the allocation is increased in gold futures to reduce the position in nifty as the portfolio is constructed using two assets, gold futures and nifty. A similar strategy is applied for silver futures. The second scenario is for copper and zinc futures where MS-VAR is estimated with two regimes. The first regime accounts for a weak safe haven and the second regime accounts for a weak hedge. The portfolio is constructed for this scenario by allocating 20% of the portfolio in copper or zinc as a weak hedge and 30% of the portfolio in copper or zinc as a weak safe haven. The last scenario is for crude oil futures, where the first regime accounts for no safe haven and the second regime for a weak hedge. The portfolio is constructed by allocating 20% of the portfolio in crude oil futures as a weak hedge and zero percent of the portfolio in crude oil during the first regime as crude oil does not act as a safe haven. Table 9 shows results of Sharpe ratio which assesses the risk-adjusted performance of all the strategies. The findings of Sharpe ratio indicate that regime-based strategy of portfolio construction performs better in contrast to benchmark strategies for all the five commodity futures. However, the reliability of regime-based strategy is stronger for gold, silver and crude oil futures since all the regimes show different hedging potentials.
Conclusions
This study empirically verifies the conventional perception related to commodity futures as a hedge and safe haven in real market situations. The results confirm strong hedging potential of gold and silver futures against stock market movements. On the contrary, copper, zinc and crude oil futures possess weak hedging potential. Moreover, the results indicate weak safe haven property of gold, silver, copper and zinc futures. Conversely, crude oil cannot be used as a safe haven against extreme stock market movements. Hence, it is inferred that futures of precious metals (gold, silver) possess better diversification benefits compared to futures of energy (crude oil) and industrial metals (copper, zinc). In addition, it is concluded that individual commodity futures show varying hedge and safe haven property against stock market movements. The findings of MS-VAR are also justified using portfolio analysis. It confirms that outcomes of MS-VAR provide a significant guidance to investors in the construction of diversified portfolio with enhanced risk-adjusted return performance. The portfolio is constructed by allocating stock and commodity futures in a proportion based on the hedge and safe haven role depicted by regimes.
Notably, classification of regimes confirms that data fits well with regime-switching approach since all the regimes can be clearly distinguished with their unique characteristics. Regimes are characterised based on daily volatility and mean return estimated for the respective regimes. The regime with the highest daily volatility and the lowest mean return is defined as a period of 'extreme' or 'bear' time and helps to judge the safe haven role of commodity futures. In contrast, the regime with average volatility and mean return shows the 'moderate' period, and the regime with the lowest daily volatility and the highest mean return depicts the 'boom' period. These regimes allow to assess the hedging potential of commodity futures.
The findings of the study have significant investment and policy implications for investors, investment fund managers and policy-makers. The study is useful for both domestic and foreign investors who want to diversify their portfolios by making investments in alternative asset classes. The findings of this study confirm strong hedging potential of gold and silver futures which will increase awareness among investors and probably help in changing the consumption pattern of investors. In addition, the outcomes of this study provide a roadmap to the policy-makers in designing a framework which highlights commodity futures as an alternative asset class. It will enhance investors' participation in the commodity futures market for creating a diversified portfolio. In addition, the increased investment intensity may help in stabilising the commodity market which has been very volatile since its inception. This study can be augmented further by the inclusion of commodity indices and agricultural commodity futures in this framework and measure their hedge and safe haven properties. Markowitz approach of portfolio construction The inclusion of commodities in a portfolio provides increase in return without a corresponding rise in a risk.
Appendix A
Buyuksahin et al. GARCH-DCC (dynamic conditional correlation) There is a fall in the return correlation of commodity futures with equity returns and treasury bills during the periods of above average volatility in equity markets and interest rate. It suggests that adding commodity futures in the portfolio of traditional asset classes increases the return without corresponding increase in the risk. Fama and French three-factor model The addition of more than 5% of the portfolio in the commodity futures gives the substantial benefit to the investors. However, the addition of commodity futures enhances the portfolio return only during the period when the Federal Reserve increases the interest rates. Markowitz mean-variance strategy of portfolio construction Commodity index improves the risk-return performance of the stock-bond portfolio for all kinds of investment strategies. However, sub-period analysis confirms the time-varying pattern of diversification benefits of commodities. This ability of commodity index is stronger for base metals, energy and precious metals compared to livestock and agricultural commodities. 
Mean-variance optimisation technique
The inclusion of commodity futures to a portfolio of traditional asset classes increases the returns without a corresponding rise in a risk. In addition, with the increase in risk aversion level, allocation to commodity futures increases due to an increase in the Sharpe ratio.
Mishra ( 
Including the commodity futures to a portfolio of equities enhances the risk-adjusted return of a portfolio. In addition, it provides a significant downside protection and enhanced skewness and kurtosis of the return distribution. 
Fama and French five-factor model
The average annualised excess return of individual commodity futures has been equal to zero. However, average annualised excess return of rebalanced portfolio can be 'equity-like'. In addition, some portfolio strategies such as strategies based on term structure have given the above average return. Bayesian dynamic conditional correlation The portfolio consisting of commodities gives substantial diversification benefits. However, it comes at the cost of higher volatility which leads to the higher Sharpe ratios.
Daskalaki and Skiadopoulos
Hansen and Overaae (2015) 1995-2014 MSCI all country world index, Barclays global aggregate bonds index, GSCI agriculture, GSCI livestock, GSCI precious metals, GSCI industrial metals, GSCI energy.
Risk parity approach such as standard deviation, covariance, semi-deviation, and expected-tail-loss in addition to traditional allocation model. The addition of commodities to a portfolio gives the reduced returns and increased volatility for all the strategies during the period 2000-2014. Hence, the sub-periods analysis indicates that diversification benefits of commodity futures depend on the allocation strategy and the period studied.
